Patients with long-standing inflammatory bowel disease have an increased risk of developing colorectal cancer (CRC). CRC risk increases with longer duration of colitis, greater anatomic extent of colitis, the presence of primary sclerosing cholangitis, family history of CRC and severity of inflammation of the colon. Chemoprevention includes aminosalicylates, ursodeoxycholic acid, and possibly folic acid. To reduce CRC mortality in IBD, colonoscopic surveillance remains the major way to detect early mucosal dysplasia. When dysplasia is confirmed, proctocolectomy is considered for these patients. Ulcerative colitis patients with total proctocolectomy and ileal pouch anal-anastomosis have a rather low risk of dysplasia in the ileal pouch, but the anal transition zone should be monitored periodically. New endoscopic and molecular screening approaches may further refine our current surveillance guidelines and our understanding of the natural history of dysplasia. (Gut and Liver 2008;2:61-73)
INTRODUCTION
The two forms of inflammatory bowel disease (IBD), Crohn's disease (CD) and ulcerative colitis (UC), are characterized by chronic, relapsing inflammation of the intestines. First described in a report by Crohn and Rosenberg in 1925, 1 colorectal cancer (CRC) in patients with IBD has long been recognized. Even years after their disease is controlled with medications, IBD patients still carry the risk of developing cancer. Together with the hereditary syndromes of familial adenomatous polyposis and hereditary nonpolyposis colorectal cancer, IBD is among the top three high-risk conditions for CRC. Although cancer in other organs can occur in patients with IBD, CRC is the most common site of cancer. This review will focus mainly on the problem of CRC in patients with IBD.
PREVALENCE AND INCIDENCE OF CRC
The risk of CRC in IBD has been difficult to estimate in the past due, in large part, to methodological issues. Early estimates from tertiary referral centers often included patients with disproportionately severe disease, and sometimes included patients who presented already with their cancer, thereby likely overestimating the risk. For example, the probability of developing CRC was as high as 60% after 40 years of UC. 2 Later population-based studies tended to include more patients with limited disease and reported significantly lower rates of CRC. 3 A meta-analysis in 2001 by Eaden and colleagues attempted to clarify some of these differences. It included 116 studies from a wide array of centers and geographic sites. The prevalence of CRC in UC was 3.7%. However, the incidence, which measures risk over time, was 0.3%/year or 3 cases of CRC per 1,000 patient-years of follow-up. 4 Based on long-term follow-up in a subset of studies included in the meta-analysis, Eaden's group estimated the cumulative risk of CRC in UC to be 1.6% at 10 years, 8.3% at 20 years and 18.4% at 30 years. Since the publication of that meta-analysis, several population-based studies have reported lower risks of CRC. Palli et al reported an annual incidence of 0.13% in a cohort of 689 UC patients diagnosed between 1978 and 1992. 5 Bernstein et al reported an annual incidence of 0.2% in a cohort of 2672 UC patients diagnosed be- tween 1984 and 1997. 6 A third study from Hungary followed 723 patients diagnosed with UC over 30 years and found an annual incidence of colorectal cancer of 0.15%. 7 Just as the absolute risk of colorectal cancer seems to be decreasing, so too, is the relative risk of CRC in IBD patients compared to the general population. In fact, recent population-based studies do not show a statistically significant increased in risk of CRC in IBD compared to control populations. One way to calculate relative risk is with a standardized morbidity ratio (SMR) which is the observed cancers in a UC cohort divided by the number of expected cancers derived from a non-IBD population. 8 Some studies have shown a 2.5-to 6-fold increase in CRC as compared to controls. 6, 9, 10 However, newer studies have not confirmed this. Three recent population-based studies have calculated the SMR for CRC to be between 1.05 and 1.79; values that reflected statistically non-significant increases over non-IBD populations. 5, 11, 12 The incidence of dysplasia in UC has been more difficult to measure than cancer given that it is a more subjective finding. Furthermore, selection bias is introduced since dysplasia can only be found in patients undergoing colonoscopic surveillance. A Swedish study with 3664 patient-years of follow-up found that dysplasia occurred in 24% of patients during the study, with an incidence rate for developing dysplasia of 2.4%/year. 13 Another study compared 28 patients with CRC in Crohn's disease to 52 patients with CRC in UC and found similar age at cancer diagnosis, duration of IBD, multiplicity, distribution of cancers and overall 5-year survival rates. 17 While future studies will help to further define both cancer and dysplasia risks, in the meantime it is best to still consider IBD patients at high-risk for developing CRC and monitor them accordingly.
CLINICAL FEATURES OF COLITIS-ASSOCIATED CRC
Compared with sporadic colorectal carcinoma (SCC), CRC arising in patients with IBD has several distinguishing clinical features. Colitis-associated colorectal cancer (CAC) affects individuals at a younger age than the general population. The mean age of CRC diagnosis in the Eaden meta-analysis was 43.2 years. 4 CAC progresses to invasive adenocarcinoma from flat and nonpolypoid dysplasia more frequently than SCC. CACs more often have a higher proportion of mucinous and signet ring cell histology, and in some studies, have a more proximal colonic distribution. There is a higher rate of synchronous lesions in IBD patients. The multifocality of CAC is likely due to the broad field-effect of mucosal inflammation contributing to the development of neoplasia. Finally, the sequence of molecular events leading from dysplasia to invasive adenocarcinoma in CAC is different from SCC. For example, APC loss of function, considered to be a very common early event in SCC, is much less frequent and usually occurs late in the colitis-associated dysplasia-carcinoma sequence. Conversely, p53 mutations in sporadic neoplasia usually occur late in the adenoma-carcinoma sequence, whereas in patients with colitis, p53 mutations occur early and are often detected in mucosa that is non-dysplastic or indefinite for dysplasia (Fig. 1 ). These differences imply that to manage CRC risk in IBD patients, one must understand the special risk factors and biology of dysplasia in these chronic inflammatory conditions.
CRC RISK FACTORS
Several factors have been identified which either increase or decrease CRC risk in the setting of IBD (Table 1) . Duration of colitis is one of the most important factors that increase the risk of CRC. For reasons that are unclear, CRC rarely develops before 7-8 years of colitis. Of course, it is often difficult to know the precise date of onset of disease since many patients may have symptoms for a long time without seeking medical attention. Nonetheless, after the first decade of disease, the risk begins to rise. In one recent referral-based study, the cumulative incidence of CRC was 2.5%, 7.6%, and 10.8% after follow-up periods of 20, 30, and 40 years, respectively. 15 Extent of colitis is another important risk factor for the development of CRC; the more colonic surface that is involved with colitis, the greater the risk. How disease extent is measured differs between studies. For example, an early, yet classic population-based study of over 3,000 UC patients in Sweden used barium enema findings to demonstrate that patients with proctitis had a standardized incidence ratio (SIR) of 1.7 [95% confidence interval (CI) 0.8-3.2] compared with age-matched population controls without UC, whereas those with left-sided and universal colitis had SIRs of 2.8 (95% CI 1.6-4.4), and 14.8 (95% CI 11.4 to 18.9), respectively. 18 There is now general agreement that there is little or no increased risk of CRC in patients with proctitis or proctosigmoiditis, whereas the risk is intermediate in those with left-sided colitis and highest with pan-colitis. 18, 19 Backwash ileitis, theoretically representing the greatest extent of disease because of ileal involvement, was reported to carry a high risk of CRC, 20 but this has not been confirmed by others. 21 Because inflammation is the presumed substrate from which cancers arise in IBD, it seems obvious that studies would have examined the relationship between severity of inflammation and CRC risk. Ironically, it was not until recently that this concept was formally substantiated. Documenting active inflammation is best done by endoscopic and histologic means, rather than by clinical symptoms. A case-control study from St. Mark's Hospital, London, demonstrated that greater degrees of active inflammation, by colonoscopy (odds ratio 2.5) or histology (OR 5.1) were associated with greater rates of CRC. 22 Using a retrospective cohort study design, data from a surveillance cohort at The Mount Sinai Hospital, New York, showed that histologic inflammation severity analyzed over time was significantly correlated with subsequent development of both high-grade dysplasia and CRC. 23 Furthermore, a study of 30 colectomy specimens showed that dysplasia and CRC can arise in areas of microscopic colitis that are proximal to areas of gross colitis, suggesting that indeed histologic changes, even without macroscopic alterations visible on colonoscopy, might better define disease extent for the purposes of cancer risk. 24 IBD patients with a family history of CRC have at increased risk of CRC. An odds ratio of 2-3 for the development of CRC in patients with a family history of CRC has been described in both case control and population-based studies. 8 Both UC and Crohn's disease patients with primary sclerosing cholangitis (PSC) are at significantly increased risk for developing colorectal neoplasia. In a population-based Swedish study, the cumulative incidence of CRC in UC patients with PSC was 33% at 20 years. 25 Others reported an adjusted relative risk (RR)
for dysplasia or cancer of 3.15 (95% CI, 1.37 to 7.27) in patients with PSC and UC as compared to patients with only UC. 26 The mechanism by which PSC increases the risk of neoplasia is unclear. Some evidence suggests that patients with PSC have a longstanding quiescent colitis and the prolonged duration of colitis contributes to the increased risk. 27 Others have pointed to the apparent chemoprotective effects of ursodeoxycholic acid on reducing CRC risk in PSC patients as evidence that PSC itself directly increases the risk of neoplasia. 28 Given the high risk of neoplasia, current practice guidelines recommend all patients with PSC not previously known to have IBD should undergo a colonoscopy to determine their status. For those patients with IBD, screening and subsequent surveillance should begin at the diagnosis of PSC. Young age at onset of colitis has been reported to be an independent risk factor for CRC in some studies, but controversy exists as to whether this effect is independent of total disease duration. Indeed, the interval between onset of colitis and development of CRC may be the same in young and older patients.
11
DIAGNOSING DYSPLASIA
Macroscopic classification of dysplasia
Dysplasia in IBD is often classified macroscopically as raised or flat, depending on whether it corresponds to an endoscopically visible lesion. Morphologically raised lesions can appear as polypoid or as non-discrete plaques or patches. Such lesions can blend easily with the gross inflammatory abnormalities commonly encountered in colons with IBD, making their endoscopic detection more difficult. Raised lesions are occasionally called DALMs (dysplasia associated lesion or mass), and some observers use the term DALM interchangeably with raised lesions. However, if a raised lesion can be completely resected endoscopically, studies suggest that such patients can be managed conservatively without the need for colectomy (see below). It is the raised lesion that cannot be endoscopically resected in its entirety that is of greater concern, and is more appropriately referred to as a DALM.
The reputation of DALMs as ominous harbingers of malignancy dates back over two decades to the study of Blackstone and colleagues who discovered cancers at colectomy in 7 of 12 DALM-bearing colons, including 5 with preoperative biopsies showing only mild or moderate dysplasia (currently called low-grade dysplasia). 29 Subsequent reports from ten surveillance programs also described cancers in 17 of 40 (43%) colectomies performed because of a DALM. 30 Thus, it is generally recommended that the presence of a DALM warrants a colectomy irrespective of the grade of dysplasia in preoperative biopsies. This concept is analogous to the management of a sporadic adenoma that cannot be completely resected endoscopically, although the type of surgery might differ. More recently, experience has taught that not all types of visible dysplasia in patients with IBD carry the same significance. For one thing, a patient with colitis could conceivably develop an adenomatous polyp unrelated to colitis: for example, a sporadic adenoma located in the proximal colon of a patient with left-sided ulcerative colitis. In this situation, although the adenoma can usually be managed with conventional endoscopic polypectomy, it is advisable to also biopsy the mucosa surrounding the polyp base to make sure it does not reveal underlying colitis or dysplasia. Even in areas of active colitis, one can sometimes encounter "adenomalike" polyps. 31, 32 These polyps can look endoscopically indistinguishable from sporadic adenomatous polyps, and even histologically, it may be difficult to distinguish a dysplastic polyp in colitis from a true sporadic adenoma.
Nevertheless, two important studies demonstrated that these "adenoma-like polyps" in areas of colitis can safely be managed with endoscopic removal without the need for urgent colectomy. A 1999 study from The Mount Sinai Hospital in New York reported that endoscopic polypectomy in a cohort of 48 UC patients with a total of 70 adenoma-like dysplastic polyps (including 3 with high-grade dysplasia), resulted in no adverse outcomes during a mean follow-up period of 4.1y. 31 A concurrent study from Brigham and Women's Hospital reached a similar conclusion 32 that was confirmed upon longer follow-up. 33 There are no standardized criteria for what qualifies as an "adenoma-like polyp", individual endoscopists need to make the decision on a case by case basis. In the future, molecular markers may ultimately afford a more objective means of making these distinctions. For the time being, current management recommendations suggest that if a dysplastic polyp in the setting of colitis has been endoscopically removed in its entirety, the base of the polyp has been separately biopsied, and there is no dysplasia in the polyp base or elsewhere in the colon on segmental biopsies, the patient can be followed expectantly (see below). More problematic is the issue of flat dysplasia in colitis. Whereas sporadic cancers commonly arise from polypoid lesions, IBD-associated cancers often emerge from flat, or even non-visible, dysplastic lesions. In the context of colitis, the term "flat dysplasia" has been used by endoscopists to describe a lesion that was not grossly visible by conventional white light endoscopy, but was only detected microscopically in random biopsies from unremarkable mucosa. Accurate detection therefore depended on adequate mucosal sampling by the endoscopist. This led to estimates indicating that in order to exclude dysplasia with 90% certainty, 33 random biopsy specimens were required throughout the colon, and to increase the accuracy to 95%, nearly twice that number were required. 34 With recent advances in endoscopic technology (such as chromoendoscopy and high-definition endoscopes, see below) it seems that truly invisible dysplasia is less common than originally thought. Nonetheless, current surveillance strategies still recommend taking four-quadrant biopsy specimens every 10 cm of colon. A problem is that questionnaire surveys from various practice settings have suggested that the number of biopsies taken by endoscopists often falls short of recommended guidelines.
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Microscopic classification of dysplasia
Gastrointestinal dysplasia is defined microscopically as replacement of the normal intestinal epithelium by a neoplastic, but noninvasive, epithelium. 37 It is synonymous with the term "intraepithelial neoplasia" used in other organ systems. A standardized histological classification system divides dysplasia in IBD into five categories: negative for dysplasia, indefinite for dysplasia, low-grade dysplasia (LGD), high-grade dysplasia (HGD) or invasive cancer. 37 A further subdivision of the indefinite category into probably negative or probably positive is considered optional by many pathologists and is rarely used. The diagnostic category "indefinite for dysplasia" is an acknowledgment of the difficulty pathologists face sometimes in discriminating between dysplasia and reactive epithelial changes seen in actively inflamed colons, although experienced pathologists can usually discriminate between the two. The distinction between grades of dysplasia is fairly subjective, resulting in inconsistency among pathologists in the diagnosis of dysplasia on biopsy. The best agreement levels tend to occur at the two extremes of negative and HGD, and the poorest levels in the two gray zones between LGD and HGD and on either side of indefinite for dysplasia. From a practical standpoint, it has been recommended that diagnoses carrying serious management implications be reviewed by at least one additional pathologist with expertise in this area.
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BIOLOGY OF DYSPLASIA
Natural history of dysplasia
The natural history of dysplasia is a key factor contributing to the outcome and success of surveillance. The model shown in Fig. 1 suggests that colitic mucosa progresses in a systematic fashion: no dysplasia, indefinite dysplasia, LGD, HGD, and finally invasive cancer. While this might be a useful paradigm which facilitates the study of cancer in IBD, it remains unclear whether dysplasia of one grade necessarily "progresses" (or might even "regress") to another grade. For example, there are instances whereby patients undergoing regular colonoscopic surveillance have developed CRC without any prior dysplasia, and, likewise, it is not necessary for LGD to progress to HGD before cancer arises in the colon. 39, 40 This highlights the need to develop markers that are complementary to dysplasia for predicting CRC risk in IBD patients --a subject of ongoing investigation.
In the meantime, we currently rely upon the histological identification of dysplasia to make management decisions. Refinements in interpreting dysplasia based on the 1983 standardized histological criteria 37 have enabled a more accurate prediction of which patients are more likely to progress to advanced neoplasia by excluding those whose biopsies only show reactive changes secondary to inflammation. This was amply illustrated by the St. Marks group who found that the 5-year cumulative rate of progression from LGD to HGD or cancer rose from 16% to 54% once biopsies were more precisely reclassified. 41, 42 When dysplasia of any grade is detected, there is a chance that CRC is already present in the colon. For example, in a review of ten prospective surveillance trials, 42% (10 of 24) patients who underwent colectomy because of HGD, and 16% (3 of 19) patients with LGD who underwent immediate colectomy had synchronous CRC. 30 Ullman and colleagues at The New York
Mount Sinai Hospital performed a retrospective cohort analysis of the outcome of 46 patients with UC who had flat LGD. 40 They found that 27% ( LGD who proceeded to colectomy had concurrent adenocarcinoma and 39% who had follow-up of the LGD progressed to subsequent HGD or CRC. 15 One possible explanation for why someone with flat LGD might already have CRC is a recently described pathological entity termed low-grade tubuloglandular adenocarcinoma (LGTGA). 43 This special histological type of adenocarcinoma, which may account for as many as 11% of all CRCs in IBD, is characterized by malignant glands with low-grade cytological features and an absence or paucity of desmoplastic reaction. The mucosa overlying these tumors and surrounding them shows LGD or only focal HGD, suggesting that these lesions arise directly from LGD (Fig. 2) .
Assuming that early colectomy is not performed, what is the subsequent rate of progression? In patients with HGD, 32% were found to have CRC after some follow-up period. 30 Therefore, unless HGD is found in an endoscopically resectable lesion, most physicians recommend colectomy for HGD. For those with LGD, the probability of eventually (time frame not specified) progressing to HGD or CRC was 16-29%. 30 Some studies have reported more specifically on the time frame of progression after finding LGD. Data from St. Mark's Hospital indicate that the 5-year cumulative probability of progressing from LGD to HGD or cancer is 54%. 41 Strikingly similar results were obtained from The Mount Sinai Hospital, with a 5-year progression rate of 53% among 46 patients with initial flat LGD. 40 A recent follow-up analysis from the St. Marks' group indicates slightly lower, but still substantial rates of progression. 15 Likewise, a series of 18 patients with LGD followed at the Mayo Clinic demonstrated a 33% 5-year progression rate. 44 Despite these rather similar results from three different patient populations, some authors have reported substantially lower rates of progression for LGD. Befrits et al. followed 60 patients with flat LGD from the Karolinska Institute in Sweden and found that none developed cancer and only 2 cases of progressed to HGD in DALMs over a mean follow-up period of 10 years. 45 In the series from Leeds, U.K., Lim et al. reported that only 3/29 (10%) patients with LGD progressed to HGD or cancer after 10 years. 46 It is worth noting that in the latter two studies, the designation of LGD included specimens that were interpreted prior to the 1983 consensus guidelines, so they might have included cases with indefinite dysplasia. Due to uncertainty in the outcome of flat LGD, it has been difficult to achieve consensus on its proper management. Hence, competing options should be discussed with each patient. A patient confirmed to have multifocal, flat LGD (2 or more biopsies with flat LGD from a single screening or surveillance examination) or repeated, flat LGD (2 or more examinations with at least a single focus of flat LGD), should be strongly encouraged to undergo prophylactic total proctocolectomy. Furthermore, even patients with confirmed unifocal LGD (only 1 biopsy positive for flat LGD in a screening or surveillance examination) should be considered for prophylactic proctocolectomy, since evidence indicates that 5-year rate of progression to HGD or CRC in this patient group seems to be similar to that of multifocal LGD.
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THE MANAGEMENT OF DYSPLASIA
Pros and Cons of surveillance
Once a decision is made to place a patient under surveillance, it is recommended that the patient formally agree to enter such a program and verbalize that he/she is willing to comply. Patients must be made to understand the limitations of surveillance and accept the concept that despite their own cooperation, dysplasia and cancer can still arise even in the hands of skilled endoscopists and pathologists. The best proof that surveillance colonoscopy effectively reduces CRC mortality would come from a prospective, randomized, controlled trial in which patients with longstanding IBD would undergo colonoscopic surveillance, whereas controls matched for a similar risk profile would not. However, due to ethical, financial and practical limitations, this type of study will never occur. We must therefore rely on retrospective studies for insights as to the efficacy of surveillance colonoscopy. The best evidence that colonoscopy reduces CRC mortality in UC comes from case-control studies. In one such study, Karlen and colleagues identified 2 of 40 patients with UC and 18 of 102 controls who died because of CRC and had undergone at least one surveillance colonoscopy. CRC mortality was reduced by as much as 78%, although this did not reach statistical significance. 47 Another study found a similar degree of protection. 48 In these studies, a protective effect was found for individuals who had even one or two surveillance exams. There is also good evidence from prospective, albeit uncontrolled, studies of surveillance colonoscopy that in general, patients who comply with surveillance have cancers detected at earlier stages compared to those who do not comply. 49 Even though cancers might still arise within a surveillance program, the gastroenterology community has put its faith in surveillance colonoscopy to prevent CRC in IBD patients. However, surveillance has its limitations. For one thing, there are low rates of observer agreement for the histopathologic interpretation of biopsy specimens between general pathologists and GI pathologists, or even among expert GI pathologists. 37, 50 Endoscopists often fail to take a sufficient number of biopsies to exclude the presence of dysplasia or cancer. 36 Unlike the dysplastic sporadic adenoma which typically assumes a discrete, polypoid shape surrounded by normal mucosa, dysplasia in the colitic colon can be difficult to discern. This may be particularly troublesome in a colon that is replete with inflammatory pseudopolyps. Furthermore, there is poor understanding of dysplasia amongst trained gastroenterologists. A survey of practicing gastroenterologists and senior GI fellows in the U.S. found that only 19% of respondents correctly identified dysplasia as neoplastic change.
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Patient drop-out or non-compliance with surveillance contributes importantly to CRC mortality in IBD, 41, 46 and this must be considered when embarking upon, or continuing, a course of surveillance in individual patients.
Surveillance strategy
Despite the limitations of surveillance colonoscopy, dysplasia remains the best marker for managing cancer risk in IBD. A consensus document was recently drafted by an international panel of experts. 38 After approximately 7-8 years of colitis, patients should undergo an "initial" surveillance colonoscopy to determine the extent of colitis and check for neoplasia. The entire colon should be examined, with approximately 4 biopsies taken every 10 cm. Some experts suggest taking more biopsies in the distal rectosigmoid (e.g. approximately every 5 cm) since the distribution of neoplasia in UC still shows a distal predominance. Biopsies should be taken from flat mucosa, but if any raised or suspicious lesions are encountered, these should be removed if possible and processed in separate specimen containers (with additional biopsies taken near the base of the polyp). If a patient is experiencing moderate-severe colitis symptoms, one option is to control the inflammation medically prior to performing the examination in order to minimize difficulties with the histological interpretation of dysplasia. However, one should not defer the colonoscopy too long, since many expert pathologists now feel that they can readily interpret dysplasia even in the presence of active inflammation. Fig. 3 depicts a recommended surveillance strategy. If no dysplasia is detected, the examination should be repeated in 1-2 years. This interval comes in part from studies reporting that interval cancers can develop within 2 years after a surveillance examination. 41 If indefinite dysplasia is reported, the nature of the uncertainty should be discussed with the pathologist. If the suspicion of dysplasia is high (i.e., probably positive), repeat biopsy within 3-6 months or less may be indicated; if low, the interval can be lengthened to every 6-12 months. If LGD is detected in a discrete polyp that can be readily resected endoscopically and there is no flat dysplasia immediately adjacent to the polyp or elsewhere in the colon, surveillance can be continued, although the frequency of examinations can be temporarily reduced to every 3-6 months, particularly to re-evaluate the area of polypectomy. Tattoo of the polypectomy site is advised to permit relocalization of the area on subsequent exams. If LGD is detected in flat mucosa (whether unifocal or multifocal), and is confirmed by a second expert GI pathologist, colectomy should be considered. If for some reason colectomy is deferred, repeat surveillance exams should be undertaken within 3-6 months or less. However, the patient should be advised that a negative subsequent examination is no assurance of safety, and that temporizing until there is histological progression to HGD or cancer as the indication for colectomy is risky. A patient in whom flat HGD or adenocarcinoma is found and confirmed by two expert pathologists should undergo colectomy unless serious co-morbidities dictate otherwise. If HGD is diagnosed in an adenoma-like polyp but it is completely removed without evidence of flat dysplasia in the adjacent mucosa or elsewhere in the colon, continued surveillance can be entertained. As with any set of recommendations, decisions should be individualized according to the situation of the patient. Hopefully, strategies for surveillance will become more refined as more knowledge of the natural history of dysplasia is obtained. Patients who have only had small intestinal Crohn's disease without colonic involvement are not considered to be at high risk for CRC. For patients with Crohn's colitis, much less is known. To date, only one practice-based retrospective surveillance study has been reported in patients with Crohn's colitis. 51 Of 259 patients with Crohn's colitis affecting at least one-third of the colon for at least 8 years, 16% were found to have dysplasia or cancer over a 16 year period in which 663 examinations were performed, and there were no cancer deaths. A followup study has found that after a negative screening colonoscopy in Crohn's colitis, the cumulative risk of detecting any dysplasia was 25% by the tenth surveillance exam, and 7% for detecting flat HGD or cancer by the ninth surveillance exam. 52 While we await additional data on the subject, it seems wise to follow a UC-based surveillance strategy for patients with at least 8 years of substantial Crohn's colitis. An important question that remains to be clarified is whether patients with dysplasia or cancer in the setting of segmental Crohn's colitis can undergo segmental resection of the involved area or should proceed to a more extensive UC-like surgical approach. Another dilemma encountered with Crohn's colitis more so than with UC is the management of strictures. Finding a stricture in a colon of a patient with UC usually means an underlying malignancy, especially if the stricture is causing symptoms, and is located in the proximal colon. 53 However, since most strictures in Crohn's colitis are benign, the patient can often be managed conservatively. Surveillance of such patients often requires using a narrower colonoscope or sometimes dilating a stricture to visualize the proximal mucosa. 51 Consideration should be given to adding brush cytology of strictures to regular forceps biopsies, and performing a barium enema to evaluate for colonic wall irregularity.
New endoscopic surveillance techniques
Since flat dysplasia may not be visible during standard endoscopic viewing of the colon mucosa, this has given rise to several innovative techniques which may allow for improved detection of dysplasia at colonoscopy. The best studied technique is chromoendoscopy, which involves spraying dye on the colonic mucosa, often in combination with high resolution or high magnification colonoscopies, to permit a more detailed examination of the mucosa. The first large study to examine chromoendoscopy in the evaluation of dysplasia in IBD was by Kiesslich and colleagues. 54 In this study, 165 patients with colitis for at least 8 years were randomized either to conventional colonoscopy with biopsies taken every 10 cm or examination with methylene blue dye spray and high magnification colonoscopy. Forty-six neoplastic lesions including 4 cancers and 10 HGDs were detected. The rate of neoplasia detection was significantly higher in the chromoendoscopy group. Furthermore, of the 32 neoplastic lesions detected in the chromoendoscopy group, while all cancers were detected prior to chromoendoscopy, 21 neoplasms were only identified after the application of the dye. An example of the ability of methylene blue dye spray to enhance visualization of a dysplastic lesion is shown in Fig. 4 . A subsequent study by Rutter and colleagues examined 100 consecutive patients with longstanding colitis. 55 Each patient served as their own control by undergoing back-to-back colonoscopies, first with a conventional exam then chromoendoscopy with indigo carmine. During the conventional colonoscopy, non-targeted biopsies were taken every 10 cm. No dysplasia was detected in the 2904 non-targeted biopsies. However, 7 dysplastic lesions were detected in the 157 targeted biopsies. While this study showed that chromoendoscopy with indigo carmine improved the detection rate for dysplasia, the specificity of chromoendoscopy for dysplasia in this study was poor. Hurlstone and colleagues examined 350 patients with longstanding colitis. 56 Each patient received a standard colonoscopy with 4 quadrant random biopsies every 10 cm followed by targeted biopsies after application of indigo carmine and evaluation with high magnification colonoscopes. The rates of detection of neoplasia were compared to 350 matched controls that previously underwent conventional colonoscopy. 69 neoplastic lesions were detected in the chromoendoscopy group compared to 24 in the control group (statistically significant). Seventy nine percent of the neoplastic lesions in the chromoendoscopy group were only detected after the application of the dye spray. Twenty dysplastic lesions were detected in the 12850 non-targeted biopsies vs. 49 dysplastic lesions in the 644 targeted biopsies. Thus, this study was similar to the Kiesslich study in showing a higher detection rate of neoplasia in the chromoendoscopy aided group. Marion and colleagues studied 102 patients with UC and Crohn's colitis first by standard colonoscopy with random four-quadrant biopsies every 10 cm, followed by targeted biopsies of lesions before dye-spray, and then targeted biopsies of lesions detected after dye spray. 57 Targeted biopsies after dye spray revealed significantly more dysplasia (16 patients with LGD, 1 with HGD) than random biopsies (3 patients with LGD), and more than the targeted, non-dye spray group (8 patients with LGD, 1 with HGD). Despite these promising results several questions remain about the use of chromoendoscopy in the detection of dysplasia. Although the dye is readily available, the magnification or high resolution colonoscopes used in these studies may not be readily available in many endoscopy units. In addition, the above studies were performed by expert endoscopists with specialized training in chromoendoscopy. It is not clear what degree of training or experience is needed for endoscopists to become proficient in these techniques. Finally, although chromoendoscopy seems to increase the detection of dysplasia, it is still unknown if this will change outcomes in this population of patients. Overall chromoendoscopy holds promise as a technique to improve screening detection of dysplasia over conventional colonoscopy, but many important questions remain unanswered.
Narrow Band Imaging (NBI) is a novel endoscopic technique in which a filter alters the light spectrum increasing the contribution of the shorter wavelength blue light. This allows for detailed imaging of the colonic mucosa similar to resolution obtained with chromoendoscopy but without the need for dye. A pilot study from the Netherlands examined 42 patients with longstanding colitis who underwent back-to-back conventional colonoscopy with random and targeted biopsies of suspicious lesions, plus NBI colonoscopy with targeted biopsies of suspicious lesions. 58 The investigators found that while more suspicious lesions were found with NBI as compared to conventional colonoscopy, the rate of dysplasia detection did not differ between the two methods. Other emerging endoscopic techniques that are being investigated for dysplasia screening are confocal endomicroscopy 59 and autoflourescence imaging. 
Chemoprevention
Despite the relative protection afforded by surveillance colonoscopies in IBD, there are still patients who develop CRC despite seemingly optimal surveillance. This raises the issue of whether chemoprevention in the form of either medications or dietary supplements might help reduce the risk of CRC in IBD. 61 Aspirin and other NSAIDs markedly reduce the incidence and mortality from, sporadic CRC. Since many patients with IBD take NSAIDs in the form of 5-aminosalicylates (5-ASA), it is reasonable to ask whether 5-ASA compounds might also be protective. Although no study to date has been performed in a prospective manner specifically to address this question, the available data suggest that this may be so. 62 If 5-ASA compounds prevent colonic neoplasia by suppressing inflammation, it follows that other anti-inflammatory medications used in IBD patients should also be protective against CRC. Although one study reported that the use of systemic steroids, and even topical steroids resulted in a significant CRC risk reduction 48 and others confirm this observation, 63 steroids cannot be used long-term for chemoprevention due to safety issues. The immunomodulators 6-mercaptopurine and azathioprine appear to have no chemopreventive activity. 64 In the setting of sporadic CRC, low folate intake has been associated with an increased risk for developing colorectal adenomas and carcinomas. 65, 66 Patients with chronic IBD are predisposed toward folate deficiency because of inadequate nutritional intake, excessive intestinal losses with active disease, and reduced intestinal absorption from competitive inhibition from sulfasalazine use. Results of two studies suggest a trend toward protection against CRC in folate users, although neither study demonstrated statistical significance. 67, 68 Nonetheless, since it is rather safe and inexpensive, folate supplementation should be considered for CRC risk reduction in patients with longstanding IBD. In animal models of colon carcinogenesis, ursodiol inhibits carcinogenesis -an effect that may be due to the ursodiol reducing the colonic concentration of the secondary bile acid deoxycholic acid. Ursodiol also has anti-oxidant activity. A study of UC patients with PSC demonstrated that ursodiol use was strongly associated with decreased prevalence of colonic dysplasia. 69 This protective effect remained after adjusting for duration of colitis, age at onset of colitis, and sulfasalazine use. In a follow-up to the randomized, placebo-controlled trial at the Mayo Clinic, 52 patients with chronic PSC and chronic UC (mean 13 years) were followed for a total of 335 person-years. 70 Ursodiol use was associated with a significant protection against the development of dysplasia and cancer (RR=0.26, p=0.034). Currently, however, we do not know whether ursodiol can prevent neoplastic progression in UC patients without PSC. Recently, there has been interest in the role statins may play as chemopreventive agents in a variety of cancers. In a population-based case-control study of patients who had diagnosis of CRC in northern Israel between 1998-2004, statin therapy was associated with a modest reduction in CRC in the non-IBD population, but a substantial 94% risk reduction in patients with IBD was observed in a subset analysis of a small number of patients. 71 Further studies are needed to verify this benefit.
Cancer after colectomy
Patients with UC who have undergone total proctocolectomy with ileal pouch anal-anastomosis (IPAA) have a very small risk of dysplasia arising within the ileal mucosa of the pouch itself. The risk is thought to be higher in patients with chronic pouchitis and associated severe villous atrophy, 72 but this has not been shown in all series. 73 Indeed, a study of 160 patients who underwent biopsy a total of 222 times with an average surveillance time of 8.4 years after surgery showed that in 1800 pouch-years of surveillance, only one patient had focal LGD of the pouch. 74 The risk of neoplasia is greater in the anal transitional mucosa between the pouch and the anal canal, particularly if a cuff of rectal mucosa has been left, and if the indication for the IPAA was rectal dysplasia or cancer. 75 While there are currently no guidelines for endoscopic surveillance after an IPAA procedure, in those patients who have chronic pouchitis and severe villous atrophy or whose original indication for IPAA was dysplasia or cancer, a program of periodic endoscopy with biopsies, paying particular attention to any anal transition zone, is reasonable.
FUTURE DIRECTIONS
The future looks promising with respect to new developments in the management of CRC risk in IBD. Chromoendoscopy is likely to be used more for manage-ment, but whether the predictable increase in the yield of dysplasia will alter the overall natural history remains to be studied. In the modern era of molecular diagnostics, tissue and even stool samples of patients with IBD can be investigated for molecular alterations. For example, because there is often widespread genomic instability throughout the colon of IBD patients, it may be possible to analyze rectal biopsies by DNA fingerprinting or fluorescence in-situ hybridization methods 76 to identify patients at particularly high risk. The advent of technology to extract human DNA from stool and look for specific DNA mutations associated with sporadic colon carcinogenesis 77 implies that a similar approach may be worthwhile in IBD patients. It is anticipated that refinements in our knowledge of cancer biology, clinical practice, and molecular discovery will bring a new level of sophistication to the management of patients with longstanding IBD and lower the incidence of CRC in this high-risk population.
